Thermal conductivity of nanofluids depends on several parameters including temperature, concentration, and size of nanoparticles. Most of the proposed models utilized concentration and temperature as influential factors in their modeling. In this study, group method of data handling (GMDH) artificial neural networks is applied in order to model the dependency of thermal conductivity on the mentioned factors. Firstly, temperature and concentration considered as inputs and a model is represented. Afterwards, the size of nanoparticles is added to the input variables and the results are compared. Based on obtained results, GMDH is an appropriate method to predict thermal conductivity of the nanofluids. In addition, it is necessary to consider size of nanoparticles in order to have a more precise model.
INTRODUCTION
Nanotechnology utilization developed in recent years due to their ability to enhance efficiency of energy systems and decrease the size of tools. By applying nanotechnology it is possible to obtain materials with more favorable properties such as mechanical strength, electrical conductivity, thermal conductivity and etc. [1] [2] [3] . By applying nanotechnology, the nanofluids are obtained which can be very appropriate for various purposes, especially in heat transfer and thermal processes [4] [5] [6] [7] [8] [9] .
Nanofluids are prepared by dispersion of particles with nano scale dimension in a base fluid [10] [11] [12] [13] . Nanofluids are widely used in heat transfer applications due to their higher thermal conductivity compared with the base fluids [14] [15] . Improvement in thermal conductivity of nanofluids is attributed to high surface/volume ratio of nano particles [10, 16] . Several studies have focused on utilization of nanofluids for heat transfer applications [17] [18] [19] [20] . Using nannofluids can significantly enhances heat transfer in comparison with pure fluids. Improvement in thermal performances is mainly attributed to higher thermal conductivity of nanofluids in comparison with the base fluid [21] .
Rashidi et al. [22] used CuO, 2 3 , 2 nano particles in turbine oil to investigate the effect of adding the mentioned nano particles on heat transfer. Results revealed that using the nano particles led to enhancement in heat transfer coefficient. Tabari et al. [23] conducted a study on application of multiwalled carbon nano tubes (MWCNTs)/water in a heat exchanger. Obtained results indicated that using the nanofluid enhance convective heat transfer compared with using the base fluid. In addition to convective heat transfer, applying nanofluids can enhance boiling heat transfer [24] [25] . Minakov et al. [26] applied various nano particles including silicon, aluminum, iron oxide and diamond in distilled water and compared boiling heat transfer on cylindrical heater. Results showed that using nanofluids can enhance critical heat flux which was mainly attributed to deposition of nano particles on the surface of the heater. Dadjoo et al.
[27] compared pool boiling of 2 / water and water on a flat plate heater. Obtained data revealed that the boiling heat transfer coefficient improved by using nanofluid; however, there was an optimal concentration for improvement in heat transfer.
Nano particles dispersion in a base fluid change its thermophysical specifications [28] [29] [30] [31] [32] [33] . Changes in thermophysical properties of nanofluids depend on several factors including size and shape of nano particles, their concentration, and temperature of the nanofluid [34] [35] [36] [37] [38] [39] [40] . Among various thermphyiscal properties, thermal conductivity and dynamic viscosity play more important role in thermal behavior of the nanofluids [41] . Several studies have concentrated on the effect of adding nano particles on dynamic viscosity and thermal conductivity of nanofluids [42] [43] [44] [45] [46] .
Since the cost of experimental research is high in some cases, predicting the thermal conductivity of the nanofluid before testing will reduce the cost and time and provide a detailed experimental design. Hence, in recent years, the prediction of thermal properties of nanofluid with different mathematical methods has been carried out. Nadooshan et al [47] experimentally measured viscosity of 2 − / 10W40 engine oil and applied artificial neural network in order to predict the viscosity. In the proposed model, shear rate, temperature and concentration solid phase were considered as input variable for the model. Experimental results indicated that the r elative viscosity increased by increasing the concentration of solid phase. The proposed model had good agreement with experimental data and its Rsquared value was 0.9948. Alirezaie [48] et al experimentally investigated the effects of concentration, temperature and shear rate on the dynamic viscosity of MWCNT (COOHFunctionalized)/MgO-engine oil. Results showed that dynamic viscosity increased by solid volume concentration increment and decreased by temperature increase. In addition, a correlation was proposed and compared with artificial neural network model to predict the viscosity. Based on the results, artificial neural network showed higher accuracy in modeling. In another study, three artificial neural network approaches including Genetic Algorithm-Radial Basis Function Neural Networks (GA-RBF), Least Square Support Vector Machine (LS-SVM) and Gene Expression Programming (GEP) were utilized to predict dynamic viscosity of 2 / SAE 50 nanofluid [49] . The results of the models indicated that GA-RBF method had the best accuracy among the applied approaches.
In addition to models proposed for predicting dynamic viscosity of nanofluids, there are some studies which have focused on thermal conductivity of nanofluids [50] . Hemmeat Esfe et al. [51] experimentally assessed ZnO-MWCNT/EGwater thermal conductivity and utilized artificial neural network to model the thermal conductivity. The effects of temperature and concentration were considered in this study. The volume fraction of solid was in the range of 0.02 to 1% and the temperature varied between 30 and 50 ℃ Results indicated that the thermal conductivity ratio of nanofluids increased by increasing the temperature and volume fraction of solid phase. Afrand et al. [52] proposed a correlation by using curve fitting and design an artificial neural network to predict thermal conductivity of MgO/water nanofluids. The input variables were temperature and nano particles concentration in the base fluid. Comparison between the outputs of neural network model and the proposed correlation revealed that the accuracy of the artificial neural network model was higher than the empirical correlation.
Based on literature review, artificial neural network modeling is an appropriate tool to model and predict thermal conductivity of nanofluids. Most of the conducted studies have considered temperature and concentration as influential parameters and input variables [53] [54] [55] [56] [57] ; however, the size of nano particles affect thermal conductivity of nanofluids. In this study, group method of data handling (GMDH) artificial neural network is applied in order to model thermal conductivity ratio of 2 3 /water and 2 3 /EG because Al2O3 nanofluid is a usual nanofluid. The applied algorithm in this study is novel and powerful for modeling to determine the relationship of Al2O3 nanoparticles concentration, size and fluid temperature to nanofluid thermal conductivity of water and ethylene glycol as a coolant fluid.
METHOD
GMDH artificial neural network is an accurate and powerful predictive approach which is applicable for modeling of engineering systems and recognition of patterns. GMDH is a self-orgnizing network and one-directional. There are various layers in these types of networks and the neurons contain 1 output and 2 inputs as illustrated in figure 1. The neurons have one bias and 5 weights. In order to correlate inputs and output in each layer, Volterra functional series are used. Details about this algorithm and working principles are presented in ref [56] .
RESULTS AND DISCUSSION
T In order to model the thermal conductivity ratio of the nanofluids, GMDH method is applied. In the first step, the thermal conductivity ratio of the nanofluids is considered as a function of temperature and volumetric concentrations. Afterwards, the size of nano particles added to the input variables and the results are compared with each other. Ranges of each parameter are represented in tables 1 & 2. Based on the literature review, thermal conductivity of nanofluids increase as the temperature or/and concentration increase. Various studied investigated the effect of temperature on thermal conductivity of nanofluids [58] [59] . Improvement in thermal conductivity by temperature increase is attributed to the Brownian motion and nano structures' thermophoresis behavior [60] . Moreover, increase in concentration of nano particles increases thermal conductivity due to higher thermal conductivity of solid particles in comparison with the base fluids. Figures 2 & 3 show the results of a study conducted by Agarwal et al. [61] which investigated the effects of temperature and concentration on the thermal conductivity of alumina nano particles in water and EG.
In order to utilize GMDH method for predicting thermal conductivity ratio of the nanofluids, data are extracted from experimental data represented in Refs [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] . By applying the GMDH method, thermal conductivity ratio obtained as below:
Thermal Conductivity Ratio = -0.0115572 + N17*0.645631 + N71*0.364922
The calculation procedure of coefficient is represented in appendix 1.
The obtained results by considering temperature and concentration as input variables in GMDH method, are shown in figures 4 to 6 for the water-based nanofluid. In addition to water -based nanofluid, thermal conductivity ratio of the 2 3 /EG nanofluid is obtained by considering temperature and concentration as input variables.
Obtained results by applying GMDH method are compared with experimental data in figures 7 to 9.
Thermal conductivity ratio = -0.119797 -N196^2*0.0907248 + N6*1.20918
The calculation procedure of coefficient is represented in appendix 2. 
3.2.
Applying GMDH method by using temperature, concentration and size of nanoparticles In addition to temperature and concentration, the size of nanoparticles is another influential parameter on thermal conductivity. The majority of studies concluded that the increase in particle size leads to enhancement in thermal conductivity; however, there must be an optimal size for nanoparticles and the improvement in thermal conductivity is not unlimited [71] .
By considering size, temperature and concentration of nanofluid, the results are obtained more accurately as shown in figures 10 to 12. The obtained regression fit obtained as: The calculation procedure of coefficient is represented in appendix 3.
By comparing the results of GMDH output with and without considering particle size, it is concluded that using particle size as one of the input variables leads to obtain more accurate regression. The R-squared and RMSE in this condition are equal to 0.9462 and 0.0166. The maximum error for predicted data by applying GMDH method and considering temperature, size and concentration as input variables is less than 6% which shows the accuracy of the proposed model.
The proposed model by using GMDH approach for Thermal conductivity ratio = -0.000286792 + N12*0.560308 + N23*0.439945
The calculation procedure of coefficient is represented in appendix 3.
Comparison between obtained results by GMDH method and experimental data are and RMSE values are equal to 0.9958 and 0.0059, respectively.
CONCLUSION
In this study, GMDH artificial neural network was applied in order to propose a model for thermal conductivity ratio of model. Obtained R-square values based on 2-variable model, were 0.818 and 0.965 for 2 3 /water and 2 3 /EG, respectively. Since the size of nanoparticles is an influential parameter on thermal conductivity ratio of nanofluids, particle size added to input variables in the second stage to compare results. Based on obtained results, the R-square values of the proposed models by considering three variables (size, temperature and concentration), were 0.9462 and 0.9958, respectively. Results indicated that the models with three input variables were more precise and applicable. 
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